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DNA microarraysTo investigate the molecular mechanism of silkworm resistance to BmNPV infection, we constructed a
near-isogenic line (BC8) with BmNPV resistance using highly resistant (NB) and highly susceptible parental
strains (306). We investigated variations in the gene expression in the midguts of BmNPV-infected BC8
and 306 at 12 h pi using the microarray. 92 differentially expressed genes were identiﬁed. Real-time qPCR
analysis conﬁrmed that 10 genes were signiﬁcantly up-regulated or down-regulated in the midguts of BC8
and NB compared to 306. To our knowledge, we ﬁrst deﬁned the role of the amino acid transporter and
26S proteasome in insect antiviral. However, serine protease was not completely consistent with data of
reported previously in insect antiviral. The role of the 5 genes (Bm123, Bm122, COP β′, aquaporin, glycoside
hydrolases) was also demonstrated in insect antiviral. Our results provided new insights into the molecular
mechanism of the Bombyx mori immune response against BmNPV infection.
© 2013 Elsevier Inc. All rights reserved.1. Introduction
Silkworm viral diseases are major diseases causing great loss in
sericulture, among which the nucleopolyhedorosis caused by BmNPV
infection is one of themost disastrous. The baculovirus life cycle typical-
ly involves the production of two virion phenotypes, budded virions
(BVs) and occlusion-derived virions (ODVs). The BVs and ODVs have
different functions in the baculoviridae life cycle. BV is required for the
dissemination of a viral infection throughout the tissues of an infected
host [1]. ODV is required for inter host transmission [2]. NPVs require
interaction with their hosts to accomplish virus replication in the host
insect cells [3].
Silkworm, like other invertebrates, lacks a true adaptive immune
system. Instead, it relies on various innate immune responses to ﬁght
against invading pathogens. Knowledge about silkworm defense at the
molecular level has extended rapidly in recent years. Several digestive
enzymes involved in antiviral activity have been cloned and character-
ized, such as RFP [4], lipase [5], serine protease [6] and Bms3a [7]. Many
expression analyses such as subtractive hybridization, differently display
polymerase chain reaction and 2-Dimensional Electrophoresis [3,8,9],
have been used tomonitor large-scale or genome-wide gene expression.
In spite of these progresses, there are fewmechanisms known to account
for the resistance and clearance of infection observed in some virus–hostJiangsu University, 301# Xuefu
23.
iaoyong@ujs.edu.cn (X. Liu).
rights reserved.combinations, thus limiting the understanding of innate immunity of
silkworm, especially its antiviral mechanism.
The silkworm strain NB exhibited high levels of resistance to BmNPV
and was further selected in our laboratory with susceptible strain 306
[10]. Following eight successive backcrosses and two generations of
selfcrossing, the 99.9% genetic traits of the near-isogenic line (NIL) BC8
obtained were similar to those of the recurrent parent except BmNPV
resistant trait [11]. In order to isolate resistance-related genes in virus-
resistant silkwormand identify their expression proﬁle, amicroarray sys-
tem comprising 22,987 oligonucluotide 70-mer probes was employed to
compare differentially expressed genes in the midgut of strain 306 and
BC8 at 12 h pi. In this paper, a number of differentially expressed genes
(fragments) were identiﬁed and most of them were found for the ﬁrst
time in silkworm. These results may facilitate the overall understanding
of the BmNPV-resistance molecular mechanism in silkworm.
2. Materials and methods
2.1. Silkworm strains and construction of near-isogenic line
BmNPV-resistant silkworm strain NB (LD50=2.5×108 polyhedral/
larvae) and BmNPV-susceptible silkworm strain 306 (LD50=3.4×105
polyhedral/larvae) were used in this study. The near-isogenic (BC8)
line was prepared in accordance with the method [12]. These strains
were preserved in our laboratory and reared at standard temperature
and under a photoperiod of 12 h of light and 12 h of dark up to fourth
molting for virus inoculation. The newly exuviated ﬁfth instar larvae
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The mortality of the infected larvae was observed within 10 days, and
virus infection conﬁrmed in the hemolymph with a microscope.
2.2. Midgut collection and isolation of total RNA
Themidguts were removed at 0, 12, 24, 48 and 72 h pi. Themidguts
were quickly rinsed in 1% DEPC-treated PBS to remove the attached leaf
pieces before being frozen in liquid nitrogen. The midguts of the BC8
and 306 from 12 h pi were using as microarray hybridization.
2.3. Microarray hybridization
The microarray was constructed using 22,987 oligonucleotide
70-mer probes covering the predicted and presently known genes
in silkworm. RNA labeling and hybridization were conducted in
CapitalBio Corporation (Beijing, China). The experimentswere repeated
twice. The microarray hybridization was demonstrated by [13].
2.4. Microarray data analysis
Spot intensities were quantiﬁed using the LuxScan 3.0 image analysis
software. To compare the results of different hybridization experiments,
the signal intensity of each gene from different arrays was normalized
by the total intensity of all genes in each array. Data with a signal
intensity of more than 1,500 was accepted as the standard for gene
expression. Signiﬁcant analysis of microarray (SAM) (multiclass, 3.0)
was applied to select the differentially expressed genes. Expression
ratios were compared between BC8 and 306 based on the normalized
data. Statistical differences of values were determined with t-test. Only
the ratio (BC8/306)≥1.5 or ≤0.667, Pb0.05, and mean ratio ≥2.0 or
≤0.5 were considered to represent up-regulation or down-regulation.
Gene homological description was provided by the array producer and
further conﬁrmed by Blast in GenBank.
According to the annotations of the identiﬁed proteins from
Silkworm Genome Database (http://silkworm.genomics.org.cn/), corre-
sponding Gene Ontology (GO) IDs of these proteins were obtained
by InterProScan Sequence Search (http://www.ebi.ac.uk/Tools/pfa/Fig. 1. Classiﬁcation of the up-regulated and down-regulated genes. These genes were classiﬁe
up-regulated and down-regulated genes reached 25 and 33, respectively.iprscan/). GO classiﬁcation of these proteins was conducted with
WEGO (http://wego.genomics.org.cn/).
The related KEGG pathways of these proteins were sought by KEGG
database (http://www.genome.jp/kaas-bin/kaas_main?mode=partial)
searching based on the annotations of the identiﬁed proteins from
Silkworm Genome Database; then, these KEGG pathways were classi-
ﬁed into several sorts in accordance with the KEGG database (http://
www.genome.ad.jp/kegg/pathway.html).
2.5. Conﬁrmation of differentially expressed genes by real-time
qPCR (RT-qPCR)
TRIzol reagentwas used to extract total RNA from themidguts of the
BmNPV-infected NB, BC8 and 306 larvae at 0, 12, 24, 48 and 72 h pi.
First-strand cDNA was synthesized with AMV Reverse transcriptase
and an oligo (dT) primer. RT-qPCR assay was performed with SYBR
Premix ExTaq under the following conditions: 40 cycles of 94 °C for
20 s, 58 °C for 30 s, and 72 °C for 15 s by the gene-speciﬁc primers.
The speciﬁc primers of 10 genes were listed in (Supplemental Table 1).
3. Results
3.1. Microarray analysis of the gene expression proﬁles in the midgut of
silkworm after inoculation with BmNPV
Gene microarray analysis was adopted to compare the genes
expressed in the midgut of BC8 and 306. Following analysis of micro-
array data, a total 92 differentially expressed genes was identiﬁed at
12 h pi, including 43 up-regulated genes and 49 down-regulated
ones (Supplementary Table 2).
3.2. GO analysis
The GO analysis indicated that 25 genes of all the up-regulated
genes, 33 genes of all the down-regulated genes were found with at
least one matched, respectively (Fig. 1). Most of the up-regulated and
down-regulated genes were involved in cell, cell part, macromolecular
complex, organelle, binding, catalytic, structural molecular, transporter,
cellular process, establishment of localization, localization and metabolicd into 3 main categories or 19 subcategories. Total number of matched GOs responding to
258 Y. Zhou et al. / Genomics 101 (2013) 256–262process. Envelope, membrane-enclosed lumen, organelle part and
cellular component organization were observed uniquely in down-
regulated genes. Extracellular region, biological regulation and pigmen-
tation were detected uniquely in up-regulated genes.
3.3. KEGG pathway analysis
KEGG pathway analysis was often used to characterize gene func-
tions, and was used to further analyze those proteins used for GO
analysis. A total of 25 genes, composed of 11 up-regulated genes
and 14 down-regulated ones, was involved in certain kinds of KEGG
pathways. Most of up-regulated proteins fell into pathways related
to metabolism and genetic information processing, and the down-
regulated proteins were mainly involved in the pathways dealing with
genetic information processing, organismal systems and human dis-
eases. In addition, the pathways of cellular processes and environ-
mental information processing were only detected in down-regulated
proteins (Fig. 2 and Supplementary Table 3).
3.4. Determination of differentially expressed cDNAs by RT-qPCR
To validate the gene expression level from the microarray, 10
genes of interest were selected for designing the speciﬁc primers for
RT-qPCR in the midgut of BC8, NB and 306 at 0, 12, 24, 48 and 72 h
pi. The results indicated that the change tendency of the expression
levels of 10 genes (Fig. 3) has similar patterns with the changes mea-
sured by the microarray.
4. Discussion
Silkworm's resistance to NPV disease is controlled both by dominant
major genes on autosomes andmodiﬁcator genes on sex chromosomeZ,Fig. 2. Classiﬁcation of KEGG pathways related to the up-regulated and down-regulated genes
categories according to KEGG. The positive number represented the total number of all up-regu
down-regulated genes.belonging to qualitative–quantitative categories [12]. To facilitate the
identiﬁcation of anti-BmNPV related genes, we have successfully bred
a NIL of Bombyx mori, by 8 times of backcrossing the BmNPV-resistant
progeny to its parental strain 306. This NIL is almost genetically identical
to 306, but retains the anti-BmNPV phenotype. In theory, the minor
difference between their genomes included all or part of the genes con-
tributing to the BmNPV resistance [9].
With oral route of entry, the midgut epithelium is the ﬁrst tissue of
silkworm which the virus confront, larvae resist baculovirus infection
by selective apoptosis of infected midgut epithelial cells and sloughing
off infected cells from the midgut before they release virions into hemo-
coel. Research of Hitoshi [14] showed that the host resistance to peroral
infection depended on inhibitory mechanisms in the gut lumen against
the invasion of the virus into midgut cells, and less on the suppression
of virus multiplication within the cell. NPVs require interaction with
their hosts to accomplish virus replication in the host insect cells. Infec-
tion typically causes a global shutoff of host protein synthesis and gene
expression insect cells beginning at around 12 to 18 h pi [15]. In vitro,
Katsuma [15] determined that the inhibitors of the extracellular signal-
regulated kinases, ERK and JNK, markedly reduced ODV and BV produc-
tion through the inhibition of the expression of delayed-early, late and
very late viral genes around 12 h pi in BmNPV-infected BmN cells. There-
fore, we chose the midgut of BC8 and 306 at 12 h pi as a time point to
screen the host genes that may be involved in the defence mechanisms
against viral proliferation. In order to validate the resistance-related
genes, we used the midgut of the NB, BC8 and 306 at 0, 12, 24, 48 and
72 h pi as RT-qPCR.
4.1. The role of the amino acid transporter in insect antivirus
Amino acid transporter (sw16085) across the plasma membrane
introduces essential nutrients into cells, providing critical substrates. The related pathways were classiﬁed into 6 main categories, 23 subcategories or 66 basic
lated genes involved in the same pathway, while the negative number represented that of
Fig. 3. Expression time course of BmNPV responsive genes in silkworm midguts. Fifth instar larvae of NB, BC8 and 306 strains were infected with BmNPV. PBS-treated samples were
used as controls (0 h). The reaction was performed with the speciﬁc primers for amplifying Bombyx (A) amino acid transporter, (B) hypothetical midgut protein Bm123,
(C) uncharacterized protein LOC100272181 precursor Bm122, (D) coatomer protein complex, subunit beta 2, (E) glycoside hydrolases, (F) aquaporin, (G) K+ coupled amino acid transporter,
(H) serine protease 33, (I) serine protease precursor, (J) 26S proteasome non-ATPase regulatory subunit 5. The relative expression levels of each gene at different time points were
normalized using the Ct values thatwere obtained for the housekeeping gene TIF-3 ampliﬁcations run on the same plate. In each assay, the expression level is shown relative to the lowest
expression level, which is arbitrarily set at one. All samples were tested in triplicate. The mean value±SDwas used for analysis of relative transcript levels for each time point using the
ΔΔCt method. The NB, BC8 and 306 strains are shown on the left (blue), the middle (pink) and right (grey), respectively.
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production of metabolic energy, production of metabolic energy,
synthesis of purines and pyrimidines, nitrogen metabolism and bio-
synthesis of urea [16]. In the midgut of lepidopteran larvae, amino
acid transporters are energized by coupling to the cotransport of K+.
The inwardly directed K+ electrogenic ion gradient is maintained by
the concerted actions of the apical H+ V-ATPase and the apical K+/H+
exchanger [17]. Takashi [18] concluded that the gene responsible for
the osmutation was 16085. These results indicated that the osmutant
has a genetic defect in uric acid transport or accumulation, similar to
that found in the od, ow, and w-3mutants [18].
Sw04008 (K+-coupled amino acid transporter, KAAT) was identiﬁed
as up-regulated gene (Supplementary Table 2). K+-coupled amino acid
transport system has been found in several species of lepidopteran
larvae. Absorption of amino acid in these insects therefore is driven by
a K+ electrochemical gradient maintained by a luminally directed
active potassium transporter located at the apical border of goblet
cells [19]. The apical membrane of goblet cells contains an H+ vacuolar
type ATPase(V-ATPase) in parallel with a K+/2H+ antiporter that
secretes K+ into the lumen while maintaining a transapical voltage
of ≈270 mV. Yang [20] showed the expression level of the V-ATPase
B subunit in the midgut of the resistant strain NB was about 3 times
higher than in the susceptible strain 306. Results from our lab
(unpublished data) showed activities of V-ATPase were signiﬁcantlyup-regulated in resistant strains within 24 h pi, indicating that
V-ATPase should be involved in B. mori resistance to BmNPV infection
by acidiﬁcation. Moreover, over-expression of V-ATPase 16 kDa in
BmNPV-infected BmN cells conﬁrmed that V-ATPase 16 kDa subunit
could inhibit BmNPV proliferation. KAAT belonged to cationic amino
acids transporter. In humans, arginine is a nonessential amino acid
which is synthesized in kidney and liver and is released to be absorbed
by other cells via cationic amino acids transporters. Arginine is also the
immediate precursor for the synthesis of NO, which is thought to be a
regulator of immune responses by both the autocrine and paracrine
pathways [21]. In the peripheral nervous system, it is involved in
neurotransmission, acting as a mediator of cell–cell signaling. One of
the consequences of activation is accumulation of intracellular arginine,
and it is likely that this correlates with the higher requirement of acti-
vated cells for NO as a regulator of the immune response [16].
The transcript level of sw16085 in the infected midgut of BC8
at 12 h pi was signiﬁcantly higher than that in the 306. In all
up-regulated genes, the ratio (BC8/306=73.88) of the sw16085 and
ratio (BC8/306=55.94) of the sw16655 (amino acid transporter) tran-
script level were the highest (Supplemental Table 2), which suggested
amino acid transporter play a very important role in insect immunity.
Meanwhile, the expression levels of the sw16085 did not change in all
larvae in 0 h pi, but signiﬁcantly increased in resistant larvae from 12
to 72 h pi, and attained the highest levels at 72 h pi. It showed that
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pi by BmNPV infection, which indicated sw16085 was resistance-
related genes to BmNPV. To my knowledge, we ﬁrst deﬁned the role of
the amino acid transporter as insect antivirus.4.2. The role of the serine proteases and serpin in insect antivirus
Serine proteases (SP) are among the group of proteins that regu-
late several invertebrate defense responses including haemolymph
coagulation, antimicrobial peptide synthesis and melanization of
pathogen surfaces [22]. SP, a well-known player in insect immunity,
has also been demonstrated to be an important antivirus factor. 51
SP genes were systematically identiﬁed in the genome of the silk-
worm. Phylogenetic analysis indicated that six gene families have
been ampliﬁed species-speciﬁcally in the silkworm, and the members
of them showed chromosomal distribution of tandem repeats [23].
Nakazawa [6] showed that the presence of SP−2 in the digestive juice
of silkworm larvae, has strong antiviral activity against BmNPV. Qin
[24] showed that SP were signiﬁcantly expressed in BmNPV-resistant
silkworms, but not in BmNPV-susceptible silkworms, indicating the
importance of SP in silkworm defense against BmNPV infection.
Serpins are SP inhibitors that function in regulating the prophenol
oxidase activation cascade. Serpins are a widely distributed family of
SP inhibitors that have been shown to be implicated in host-pathogen
interaction, such as insect anti-virus immunity [25]. Pan [26] showed
that following infection with BmNPV of strain 306 the quantity of
BmSerpin-2 mRNA was signiﬁcantly increased at 72 h pi, and at this
time larva of BmNPV-infected strain 306 showed some symptoms
characteristic of disease. The signiﬁcant increase of Bmserpin-2 ex-
pression in BmNPV-infected strain 306 may be one strategy employed
by the virus to help block host protease activity [26]. However, Bao [3]
determined that B. mori serpin-5 expression was signiﬁcantly activat-
ed by BmNPV infection in NB midguts at 6 h pi and also at 48 h pi, but
that it was not activated in the 306. This suggests that serpin-5 was
a quick immune-responsive gene and was probably involved in the
host's antiviral mechanisms. In addition, serpin-33 was present in the
midgut of the NB, but not 306 library. Likewise, the transcript levels
of serpin-5 and serpin-7 were signiﬁcantly higher in the fat body of
the NB than in 306 at 12 h pi [3]. Tong [27] reported that Manduca
sexta serpin-4 and serpin-5 function in the innate immune system
by inhibiting one or more target proteases upstream of the pro-PO-
activating proteases in response to infection. The silkworm genome
contains 26 serpin genes. Serpins inhibit SP by forming a covalent bond,
and they regulate the SP cascade [13]. So, these data showed that the
serpins of different types have different roles in insect immunity.
Our data showed that SP precursor were constitutively expressed at
low levels in themidgut of all B. mori strains from 0 to 48 h pi, andwere
signiﬁcantly up-regulated from48 to 72 h pi. Furthermore, SP precursor
transcript levels were notably higher in the susceptible strain from 0
to 72 h pi relative to the resistant. The transcription levels of SP 33
(sw07730)were higher in the BC8when compared to the 306, however,
SP 46 (sw00217) and chymotrypsin-like SP (sw06779) shared an oppo-
site expression pattern (Supplemental Table 2). The transcription levels
of B. mori highly basic SP precursor were higher in the 306 when com-
pared to the NB at 12 h pi in midgut [3]. However, Heliothis virescens
serine protease SP-1 genes shared an opposite expression pattern. The
transcription levels of Lonomia obliqua putative serine protease-like pro-
tein 2 gene was higher in the NBwhen compared to 306 at 12 h pi in fat
body [8]. Our data showed SP roles in antivirus were not completely
consistent with data of reported previously. Although insect genomes
are rich in SP and inhibitors, is not well understood, how they are regu-
lated or how microbial components trigger the activation. Under stand-
ing the physiological functions of these SPs and serpin will require
further characterization in order to determine their roles in immunity
or other processes [3].4.3. The role of the 26S proteasome in insect antivirus
The 26S proteasome is a large protein complex composed of the
catalytic 20S core particle and the 19S regulatory particle [28], which
is responsible for ATP-dependent breakdown of naturally occurring
unstable regulatory proteins involved in a wide variety of biological
processes such as cell-cycle regulation, DNA repair, apoptosis, signal
transduction, and protein quality control by catalyzing selective degra-
dation of short-lived regulatory proteins and damaged proteins [29].
In addition, the proteasome–ubiquitin pathway constitutes the major
system for nuclear and extralysosomal cytosolic protein degradation
depending on ATP. For virus infection, proteasome plays key roles for
both the budding of retroviruses [30] and efﬁcient lytic infection of
herpesviruses [31]. In addition, it has been suggested that ubiquitination
plays important roles in baculovirus infection since baculoviruses encode
ubiquitin ligases [32]. 26S proteasome non-ATPase regulatory subunit 5
is one of a number of chaperones that are involved in the assembly of
the proteasome. An alternative form of regulatory subunit called the
11S particle may play a role in degradation of foreign peptides such as
those produced after infection by a virus [33]. Wanaga [34] reported
that the transcript level of proteasome 26S subunit were conﬁrmed was
higher at 2 h pi and 6 h pi compared to mock in BmNPV infected cells.
In this study, the gene was constitutively expressed at low levels
in the midguts of all B. mori strains. The gene expression was rapidly
elevated by BmNPV infection is in the midguts of all B. mori strains at
12 h pi, meanwhile the transcript levels were higher in the suscepti-
ble from 12 to 72 h pi relative to the resistant strains. One possible
explanation was that the gene was activated by BmNPV invasion,
which caused a differential induction in the susceptible and resistant
strains. These works hinted that 26S proteasomemaybe a factor makes
silkworm susceptible to BmNPV, sure, further studywas needed to con-
ﬁrm this speculation.
4.4. The role of the other genes in insect antivirus
Coatomer protein complex, subunit beta 2 (COP β′) is a protein that
is encoded by the COP β′ gene. Coat protein complex I (COPI) consists of
7 protein subunits (α,β,β′, δ, ε,γ, ζ), that are recruited as subcomplexes
from the cell cytosol to Golgi membranes by the GTPase [35]. Minoo
[36] showed that loss of COPI subunits, β′, α and β, results in an inhibi-
tion of AVmaturation and subsequently causes an accumulation of AVs.
The accumulation of AVs after COPI depletion is robust, and raises the
question of whether basal autophagy is also increased by loss of COPI.
In addition, Daro [37] found β′-COP depletion caused a decreased in-
ternalization and degradation of 125I-EGF, in line with previous results
showing a delayed delivery of Texas red-labeled biotinylated EGF to
lgp-95 positive structures. A role of the COPI complex during viral
entry is suggested by experiments showing that δ-COP is required for
fusion and deposition of viral proteins into the cytoplasm [38]. Razi
[39] reported that COPI is directly involved inmembranousweb forma-
tion and that the block of HCV replication by COPI inhibition is not an
indirect effect of disrupting Golgi-ER vesicle trafﬁcking. Genome-wide
RNA interference (RNAi) screens revealed that genetically divergent
viruses require biosynthetic membrane transport by the COPI coatomer
complex for efﬁcient replication [40]. Recent tamer [41] reported non-
clathrin coat protein zeta 1-COP was found to be most up-regulated at
24 hpi in Autographa californica NPV-infected Spodoptera frugiperda
cells. The expression of COP β′ was different between the three B. mori
strains upon viral infection, with its transcripts showing a low level in
306 but a high level inNB and BC8midguts. These observations indicated
that COP β′might play an important role in the host immune system of
the resistant strain.
Aquaporins (AQPs) are a family of water-selective transporting pro-
teins with homology to the major intrinsic protein of lens, that increase
plasma membrane water permeability in secretory and absorptive cells
[42]. The expression of someAQPs is affected by various factors, including
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[42]. The aquaporins are known to exclude the passage of all contami-
nants, including bacteria, viruses, minerals, proteins, DNA, salts, deter-
gents, dissolved gases, and even protons from an aqueous solution, but
aquaporin molecule are able to transport water because of their struc-
ture [43]. AQP1 is induced by hypertonic stress, accompanied by acti-
vation of extracellular signal-related kinase (ERK), p38 kinase and c-Jun
NH2-terminal kinase (JNK) [44]. B. mori hsp70 cognate is inducible in
the fat body and midgut and Galleria mellonella hsp90 signalling via
extracellular signal-regulated kinase (ERK) mitogen-activated protein
(MAP) kinase are engaged in the insect humoral immune response
[45]. The expression of AQPs gene was consistently higher in the NB
and BC8 when compared to the 306. One possible explanation was that
certain regulatory factors were activated by BmNPV invasion, which
caused a differential induction of resistant genes in the B. mori resistant
strains. In resistant strains midguts, the gene promptly responded to
BmNPV infection at a 12 h pi, suggesting that AQPs is likely to have
defence function in B. mori immune responses against virus infections
by excluding the passage of virus or activating ERK mitogen-activated
protein (MAP) kinase.
Glycoside hydrolases (GHs) recognize and bind particular carbohy-
drates and then cleave a speciﬁc glycosidic bond between two or more
carbohydrates utilizing two major hydrolytic mechanisms: inversion
and retention. Selective hydrolysis of glycosidic bonds is therefore crucial
for energy uptake, cell wall expansion and degradation, and turnover of
signalling molecules [46]. In mammals, the liver cytosolic β-glucosidase
is a xenobiotic metabolizing enzyme that hydrolyses ﬂavonoid gluco-
sides while in certain glycosidase [47]. Lysozymes are lytic enzymes
that hydrolyse glycosidic bonds and are widely distributed in nature.
This enzyme has antiviral, antibacterial and anti-inﬂammatory proper-
ties. Lysozyme dimer is signiﬁcantly less toxic than its monomer, and
its high biological activity has been ascertained in cases of both viral
and bacterial infections [48]. The transcript levels of GHs were higher
in midgut of the NB than in 306 at 12 h pi [3]. Lysozyme shared a similar
expression pattern at 12 h pi in fat body [8]. Our data also revealed that
GHswere signiﬁcantly expressed in BmNPV-resistant silkworms, but not
in BmNPV-susceptible silkworms, indicating the importance of GHs in
silkworm defense against BmNPV infection.
Sw16045 and sw06161were identiﬁed hypothetical midgut protein
Bm123, LOC100272181 precursor Bm122, respectively. The sw16045
and sw06161 expression levels were notably higher 12–72 h pi in
the NB and BC8 compared with the 306. These observations suggest
a potential defensive function of the B. mori sw16045 and sw06161
contributing to resistance in the B. mori resistant strain. Research of
our lab showed Bm123 and Bm122 were present in the midgut of
the BC8, but not 306 library by suppression subtractive hybridization
at 12 h pi (unpublished data). However, the roles of sw16045 and
sw06161 in silkworm anti-BmNPV remain unexplored. This study sug-
gests they could be one of silkworm defense mechanism against
BmNPV infection.
The defense processes against BmNPV infection that occur in the
resistant strains might be regulated via interactions involving multiple
genes. The pathways involved in these interactions are currently unclear.
In this study, a total of 92 differentially expressed genes at 12 h pi were
identiﬁed. Differentially expressed genes during infection can potentially
provide insights into the complex regulatory phenomena at the tran-
scriptional level in response to virus infection. Up-regulated genes may
represent host cell responses to pathogen, while down-regulated ones
maybepartially attributed to the shutoff of hostmacromolecular synthe-
sis in favor of viral replication. Furthermore, we found a large number
of unknown genes that have no or low homology with known genes.
Functional analysis of these gene products may lead to the discovery of
new mechanisms for NPV infection or antiviral immunity in insects
[49]. This study provides a global viewof host responses to viral infection
and insights for further investigations on the complex interactions
between BmNPV and its host, B. mori.Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.ygeno.2013.02.004.
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